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The  Low  Temperature  Transformation 

in  Ferrites 

L.  R.  Bickford,  Jr. 

Stale  University  of  Sew  York,  College  of  Ceramics,  at  Alfred  University . Alfred,  Xrw  York 

The  general  behavior  of  magnetic  (iron  ferrite)  at  its  low  temperature  transformation  (co  HA'K)  is 
reviewed.  One  of  the  properties  which  unde. goes  a large  change  is  the  magnetocrystailine  snisotropy,  which 
is  larger  in  magnitude  and  has  a lower  symmetry  below  the  transformation.  The  magnetic  symmetry 
axis  below  the  transition  tempetature  can  be  predetermined  by  cooiing  a single  crystal  through  the  transi- 
tion in  a magnetic  held,  and  can  be  changed  from  one  cube  edge  to  another  below  the  transformation  by 
means  of  a strong  magnetic  field. 

Directional  pressure  also  appears  to  be  effective  in  establishing  the  axis.  Hysteresis  loop  measurements 
show  that  if  a compressive  stress  is  applied  along  the  length  of  a rod  shaped  specimen  cut  parallel  to  [100] 
as  it  cools  through  the  transition,  the  specimen  is  more  easily  magnetixed  in  this  direction.  No  such  effect 
was  observed  along  [110]  or  [ill]  directions. 

Changes  in  dimension  occurring  at  the  transition  have  been  measured  by  means  of  resistance  strain 
gages  cemented  along  the  principal  crystallographic  directions.  Data  were  obtained  as  the  crystal  warmed 
through  the  transition  in  the  demagnetised  stale  after  having  been  cooled  in  various  conditions  of  biasing 
magnetic  field  and  pressure.  It  is  concluded  that  the  large  changes  in  magnetic  symmetry  accompany 
small  changes  in  crystal  structure  The  low  temperature  form  appears  to  be  orthorhombic,  the  maximum 
distortion  from  cubic  symmetry,  along  [1 10],  amounting  to  ta  0.07  percent.  All  three  orthorhombic  axes  can 
be  established  unambiguously  by  cooling  the  crystal  through  the  transformation  in  a magnetic  field  along 
[100]  with  pressure  applied  simultaneously  along  [011].  The  change  in  direction  of  easy  magnetization 
above  the  transition  from  [1 1 1 ] to  [100]  is  accompanied  by  a small  dimension  change  (co  0.002  percent). 

Similarities  with  the  behavior  of  barium  tilanate  at  its  ferroelectric  Curie  temperature  are  pointed  out. 
Evidence  for  the  existence  of  similar  transformations  in  the  other  ferrites  is  discussed  briefly. 


L INTRODUCTION 

NUMEROUS  investigations  over  the  past  twenty- 
five  years  have  brought  to  light  many  interesting 
changes  occurring  in  magnetite  (iron  ferrite)  at  its  low 
temperature  transformation  (ca  118°K).  Three  of  the 
more  significant  changes  arc  illustrated  in  Fig.  1.  Weiss 
and  Forrer'  found  that  the  magnetization  decreases 
abruptly  at  the  transition,  as  shown  in  Fig.  1(a).  The 
magnitude  of  the  discontinuity  is  smaller  for  larger 
magnetic  fields,  the  saturation  magnetization  remaining 
unchanged  through  the  transformation.  The  specific 
heat  curve*  shows  an  anomalous  peak  (Fig.  1(b)),  and 
the  electrical  resistivity1  changes  rapidly  with  tem- 
perature (Fig.  1(c)).  Li1  found  that  the  magneto- 
crystalline  symmetry  decreases  from  cubic  to  uniaxial, 
with  a large  increase  in  anisotropy  energy.  He  also 
demonstrated  that  a magnetic  memory  effect  exists; 
that  is,  the  direction  of  easy  magnetization,  or  magnetic 
axis,  below  the  transformation  temperature  can  be  pre- 
determined by  cooling  the  crystal  in  a magnetic  field.  It 
has  been  established  that  the  magnetic  axis  becomes 
the  cube  edge  most  nearly  parallel  to  the  direction  of 
this  biasing  magnetic  field  and  that  it  can  be  shifted 
from  [100]  to  [010]  or  [001]  below  the  transformation 
by  means  of  a strong  magnetic  field.1 

• This  work  wms  supported  in  part  by  the  U.  S.  Office  of  Naval 
Research. 

1 P.  Weiss  and  R.  Forrer,  Ann.  phys.  12,  279  (t929). 

* R.  W.  Millar,  I.  Am.  Chem.  Soc.  51,  21S  (1929). 

•T.  Okaroura,  Sd.  Repts.  Tfiboku  Imp.  Univ.  21,  231  (1932). 
* C.  II.  Li,  Pbys.  Rev.  40,  1002  0932). 

• L.  R.  Bickford,  Jr.,  Pbys.  Rev.  78,  449  (1950). 


Verwey*  has  proposed  that  the  transformation  is  an 
electronic  ordering  phenomenon,  in  which  the  random 
distribution  of  ferrous  and  ferric  ions  on  the  octahedral 
sites  of  the  cubic  inverse  spinel  lattice  changes,  on 
cooling,  to  an  ordered  arrangement.  If  one  makes  use  of 
this  picture,  some  of  the  physical  changes  characteristic 
of  the  transition  can  be  attributed  directly  to  the 
ordering  (specific  heat  and  resistivity),  and  others  lo  a 
small  crystallographic  change  accompanying  the  order- 
ing (magnetic  properties). 

The  crystalline  structure  change  must  be  very  small, 
since  a large  single  crystal  will  withstand  numerous 
traversals  through  the  transformation  without  shatter- 
ing. Several  attempts*-4-7  to  detect  a crystal  structure 
change  by  means  of  x-ray  diffraction  ended  in  failure. 

Experimental  investigation  of  magnetite  below  its 
transformation  temperature  is  somewhat  unsatisfactory 
because  the  physical  properties  depend  on  the  condi- 
tion in  which  the  crystal  was  cooled  through  the  transi- 
tion. Exact  reproducibility  in  the  measurements  is 
difficult  to  obtain  oven  when  these  condiltons  are  con- 
trolled as  closely  as  possible. 

IL  HYSTERESIS  LOOP  MEASUREMENTS 

Directional  pressure  has  been  found  to  be  effective 
in  selecting  the  magnetic  symmetry  axis,  but  to  a lesser 
extent  than  magnetic  field.  The  ease  of  magnetization 

•Verwey,  Haayman,  and  Romeijn,  J.  Chem.  Pbys.  15,  181 
(1947). 

7H.  Sbdji,  Set.  Rep  lx.  Tfiboku  Imp.  L’niv.  24,  250  (1935). 
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